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ABSTRACT 

Eberline Instrument Corporat ion provided radiological safety w p p o r t  for Pro- 
ject RULISON, the second experiment in which a nuclear explosive was used t o  
stimulate the production o f  natural gas. Th is  w p p o r t  included installation, calibra- 
t ion and operation o f  eff l u e ~ t  monitor ing sy:tems, personnel dosimetry, contarni- 
nated wane handling and disposal, environmental sampling, survey and monitoring 
and exclusion area control. Pertinent data required by  U. S. Distr ict  Court  action 
was evaluated, documented and published daily in an Open F i le  Report. A l l  of  
the above activities indicated that radioactive materials were cont ro l led and dis- 
posed o f  in accordance w i i h  AEC guidance. 



SECTION I 

INTRODUCTION A N D  OBJECTIVES 

1.1 Historic?] ~esc r i p t i on  

Project RULISON was a joint  experiment sponsored b y  Austral Oil Com- 
pany, Inc:, the U. S. A tomic  Energy Commission and the Department o f  the  
Interior. I ts purpose was t o  study the economic and technical feasibility o f  
using underground nuclear explosions t o  stimulate product ion o f  natural gas 
f rom the low productivity format ion in the Rulison Field. 

The nuclear device fo r  Project RUL lSON was detoriated wccessfully o n  
September 10, 1969, at a depth o f  8,425 feet. The yield o f  device was esti- 
mated at 43 i 8 KT.  and was completely contained. 

The Nevada operations Of f ice of the U. S. A tomic  Energy Commission 
(AECINVOO) was responsible fo r  the safety o f  personnel at Project RULI3ON. 
During reentry drilling and ini t ia l  flaring, responsibility for safety was delegated 
by AECINVOO t o  the Los Alamos Scientific Laboratory (LASL) .  E berlirie In- 
strument corporation (E IC)  provided eff luent documentation and on-site radio- 
logical support t o  AECINVCO a n d  LASL  under the ~ rov i s i ons  'of contract 
AT(26-1)-294 during reentry dri l l iny, calibration flaring, product ion t e n  flaring, 
and site preparation work for placing the  site in standby status. 

1.2 Objectives 

A. The effluent documentation program was established t o  detect and  
measure radionuclides i n  any f o r m  that could rtave been released t o  the envi- 
ronment in  significant concentrations. T r i t i um  and - Kryp ton-85  were the ra- 

-- 
dionuclides of primarv concern. 

8. The on-site radiological safety program was designed to: 

1. L imi t  personnel exposure t o  :he lowest possible level. Basic guid. 
ance was set for th  in AEC Manual, Chapter 0524. 

2. Control any radioactive materials that might  be brought t o  ;he 
surface t o  avoid t he  spread o f  radioactive contamination. 

3. Operate an explosive mix ture detection and alarm system. 

C. The cleanup program was designed t o  restore the project site t o  a 
standby condit ion in which al l  radioactive contamination requiring 
control was ident i f ied and contained in  a sealed o r  protected condi. 
t ion pursuant t o  established AEC guidance. 



SECTION !I  

REENTRY DRILLING 

2. 1 Facilities 

Mobile on-site facilities were prepared in Albuquerque, New Mexico, and 
shipped to Project RULISON.in April. 1970. Included in these mobile facili- 
ties were a sample preparation laboratory, a radia!ion measurements laboratory 
and an access control trailer. An office trailer was later added. A large vari- 

ety cf portable instruments was provided for air sampling and radiation survey. 
The location of EIC facil~ties during reentry drilling i s  shown on Figure 1. 

2.2 Personnel 

Experienced radiation monitors and techniciacs were phased on-site in ac. 
coraance with requirements for the operations. Technicians were programmed 
to arrive early to install and calibrate the instruments.. During reentry drilling 
there were a maximum of 26 EIC personnel (including a field manager and en- 
gineers) on-site at peak activity petiods 

2.3 Radiation Detection and Sampling Equipment 

The EIC radiation and detection and effluent monitcring a ~ d  control in- 
strumentation i s  shown in Figure 2. These innrunrents will be discussed in &-- 
quence with the capital letters and numbers shown in Figure 2. 

A. Rig Instrumentation 

1. Riq Beta Detector. The detector was located a t  the driller's sta- 
tion near the center of the rig. This detector was an Anton-112 
tube cabled through an Etxrline RM-3C rate meter to a Moseley 
strip chart recorder. This recorder was connected to the central 
alarm console located in the Access Control Trailer. The back- 
ground of the Anton-112 was approximately 30 cpm. The alarm 
was set to be activated a t  twice background reading, which was 
equivalent to 1CP uCi/cc of "Kr. 

2. Air Samplinq, There were four (4) a i r  sampling heads located on 
the riq floor, one at each corner. These head assemblies consisted 
of a 9.0 ceniimeter diameter Whatman 41 prefilter and a charcoal 
cartridge (Figure 31 protected by a plastic weather shield. The air 
was drawn through these heads at a measured flow rate of approxi- 
mately 15 cubic meters per hour. The four samples were collected 
at the beginning of each eight-hour shift. 

The Whatman 41 filters were analyzed during that shift for alpha, 
beta and gamma acthity. The charcoal cartridges were analyzed 
for gamma. Initially, all positive filrers (i.e., net counts greater 



1. ACCESS CONTROL 
2. COUNTING LABORATORY 
3. SAMPLE PREPARATION 
4. OFFICE 
5. HYDROCARBON STORAGE TANKS 
6. WATER HOLDING TANKS 
7. FLARE STACK 

RULISONSITE - Figure 1 
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counted for aloha and beta aiter 5 days. i f  still positive, they were 
counted again after i 2  days. 

As the operation progressed, a pattern of counts for natural back- 
ground was established and the 5- and 12-day recounts for beta 
were omitted when the initial coun: indicated insufficient beta JC- 

tivity to warrant additional analysis. Thc. 5-day alpha recount was 
omitted when the initial alpha count warranted nnly a 12-day re- 
count. 

The Whatrnan 41 fil?er samples were co~n ted  for alpha and beta 
using.an Eberline Model AC-4 93s flaw proport'ionai counter. The 
counter was calibrated for beta with a P0!Sr-90Y standard. I t  was 
calibrated for alpha with a "9Pu standard. Under the sampling and 
counting conditions described above, the limit of detection for beta 
was 2.5 x TO"' uCi/cc and for alpha was 2 x lUI4 uCl/cc. 

3. Rig Air Freeze Trap. The rig air moisture sample was obtained by 
cont;nuo~cly pumping air from the rig at the rate of 2 CFM through 
the Tenny Environmental Chamber whic5 was operated at -100°F. 

!um on The frozen condensate was collected and analyzed for trit ' 
each eight-hour shift. 

The frozer! sample was melted and a 5 ml. aliquot was pipetted Into 
a 20 ml. vial to which 15 ml. of scintillation fluid was added. This 
vial was then counted in the Packard Tri-Carb unit in the Radiation 
Measurements Trailer. 

The limit of detection of tritium in water using this tri-carb was de- 
termiced to be lo- '  uCi/ml. 

4. Shaker Table Gross Gamma'Alsrm. A 2" x 2" Nal (TI) scintiliation 
gamma detector was mounted above the rig shaker table. The am- 
plifier for this detector drove a count rate meter and a recorder with 
an alarm set at three times background. The purpose of this detector 
was to provide immediate warning in the event that low level particu- 
late gamma radioactivity should be inadvertently carried out of the 
well through the drilling mud stream. The sensitivity of Eberline Mod- 
el SPA-? detector used for t'his system is 500,000 CPM per mR/hr with 
''Co. A daily source check confirmed the operatior~al effectiveness of 
the detector. 

5. Ex~losirneter Alarm Svsrem, The MSA Model 1-500 Combustible Gas 
Detection System was operated by EIC for Austral Oil. The contain- 
ment system which was used to control atid document the release of 
radioactive effluents during reentry drilling restricted the prompt dilu- 
tion and dispersal of gas. This arrangement created a potentially haz- 
ardous situation which required the innallation of MSA Diffusion 
Head Assemblies on the rig floor, in the covered drilling mud tanks, 



head assemblies were cabled to the Control Module Housings and 
console located in the Radiation Measurement Trailer. These read- 
outs were connected to strip chart recorders which were set to ac- 
tivate the Central Alarm Console in the Access Control Trailer. The 
alarm level was set a t  50 per cent of the lower explosive limit (2.5 
per cent by volume of methane). This system proved helpful in 
confirming effluent release calculations. The system was calibrated 
monthly during reentry drilling. 

6 .  STALLKAT 

C. Krypton Chamber 1 

The System to Analyze Low Levels of Krypton And Tritium (STALL- 
KAT) was used to monitor the vent line for gaseous radionuclides 
during reentry drilling. This system was designed so that the gas flows 
through two chambers at a flow rate of approximately 1.8 liters per 
minute. The tritium chamber had a volume of 15.9 cm3 and contained l 

a Ca F2 (Eu) scintillation detector 0.010" thick and 1.75" diameter. 

The Krypton Chamber was configured to monitor the gas flare line. 1 

The krypton chamber had a volume of 3665 cm3 and contained a 
Ca F2 (Eu) scint~l!at~on detector 0.030" thick x 1.75" diameter (Figure 4). 
The s~gnals from the detectors were amplified and pulse he~ght selected 
by single channel analyzers. The tritium detector was kept a t  a tern- 
perature of -10°C by a refrigeration system. A scaler and count rate 
meter were driven by the analyzer output (Figure 5). The scaler drove 
a printer. The count rate meter drove a recorder and an alarm that was 
set at three times backgroufid (150 CPM - 3H tn5Kr). The system was 
calibrated with a "Kr and a tritium labeled methane standard. Both 
standards were traceable to the Nationai Bureau of Standards. P. com- 
plete calibrat~on was performed immediately before the start of reentry 
drilling. A calibration check uslng 85Kr and tr~t ium was performed daily 

- - - -  until confidence was established ~n-the-operat~on of-the-system. The - -- - - -  

frequency was then reduced to a weekly check: When the calibrat~on 
check was not made, an external gamma source was used to provide a 
daily response check of both detectors. The STALLKAT limlts of de- 
tection were 2 x lo-' uCi/cc for tritium a.rd 1.3 x 10" uCi/cc for 85Kr 
based on a 60 minute integration time. 

The STALLKAT employs a bulk liquid trap, a paniculate filter and a 
desiccant moisture trap before the detectors. Although the prefilter 
and traps have PO effect upon the mon~toring of krypton, these traps 
remove water vapor prior to the air from the vent line flowing to the 
detectors. In order to determine the tritium content of the vapor 
which is not seen by the on-line detectors, freezeout samples are col- 
lected and analyzed for tritium by 1iqbi.i scintillation counting as d e  
scribed in A3 above. Again, the limit of detection of this system for 
tritium was 5 x 10' uCi/ml with a 5 ml. aliquot and a 10 minute in- 
tg ia l lon ;lme. 

I 



FIGURE 4 OPERATIONAL CONFIGURATION OF STALLKAT DETECTOR HOUSING 

FIGURE 5 EIC ENGINEER MAINTAINING EQUIPMENT. STALLKAT SCAL-ERS, ETC., 
(LEFT FOREGROUND) 



tem t o  vent gas f r o m  the wel l  w i thou t  m ix ing  gas w i th  the air i n  t he  
air vent !ine. Since any gas released f rom t he  well could contain ra- 
dioactive material, the gas flare l ine was c o n t i ~ u o u s l y  monitored f o r  
OSKr. There were t w o  detectors inside the 3 liter chamber. A n  
Eberline Model  PG-1 probe w i th  a 1 m m  th ick  Ca F 2  (Eu) scintilla- 
t ion crystal was inserted i n  one end o f  the cylindrical chamber; an  
Anton-1 12  detector was mounted in the other end as a back-up de- 
tector. The PG-1 amplif ier ourput  drove a scaler and  a coun t  rate 
meter. The count  rate meter drove a recorder that  was set t o  alarm 
at three t imes background. 

The K ryp ton  Chamber was calibrated w i t h  "'Kr gas in  methane. Th is  
gas was traceable t o  the Nat ional Bureau o f  Standards. Gas f rom 
the gas flare line f lowed through t he  Kryp ton  Chamber at  approxi- 
mately 20 m3/hr.  This high f l ow  rate permit ted the system t o  re- 
spond i n  a matter o f  seconds. The  l imi t  o f  detection i o r  th i s  cham-' 
ber was determined t o  be 1.6 x lCT7 uCi/cc for OWr during a 60 
minute integration time. 

0. Particulate Samples 

Ai r  f r o m  t he  vent line was passed through a Whatman 41  f i l ter and 
then a charcoal cartridge at a measured f l o w  rate o f  approximately 
10 cubic rneters per hour. These samples were normally changed 
once each eight hour  shift and the  filters were analyzed o n  the same 
shift for  gross beta and gross gamma. The  charcoal cartridges were 
analyzed f o r  gross gamma. Filters that were positive, i.e., t h e  net  
beta count was greater than three times t he  standard deviation o f  
background, were recounted after 5 days. I f  they still were posi- 

- - -- - -- tive, they were counted again-after 12-days. This-procedure-pro- -- 

vided an immediate indication o f  any abnornially high beta activity 
and also allowed f o r  decay o f  naturally occurring radon daughters. 
The beta measurements were made w i th  a n  Eberline Model AC-4 
gas f l o w  proport ional counter calibrated w i t h  a WSr - beta stan- 
dard mounted o n  a f i l ter paper in the same geometry as t h e  samples 
Under the sampling and count ing condit ions described above, the 
l im i t  o f  detect ion fo r  airborne particulate beta emitters is 5 x lUI3 
uCi/cc w i t h  a 10 minute integration time. 

Gas f r om  t h e  gas flare l ine was passed through a Whatman 4 1  f i l ter 
and then a charcoal cartridge at a measured f low rate o f  approxi- 
mately 20 cubic meters per hour  (Figure 6). The  procedure was the  
same as described fo r  the air  vent line except the l imit  o f  detection 
was 2.5 x uCiIcc because o f  the higher f l o w  rate. 

E. Gross Gamma Radioactivity 

A Na l  (TI) scinti l lation gamma detector, 1" th ick  x 2" diameter was 
mounted on the outside o f  the n i r  vent line. A similar detector 2" 



tectors were shielded with lead to reduce background. The ampli- 
fier for each detector was connected to a count rate meter and re- 
corder with an alarm set a t  three times background. Gamma emit- 
ters were not expected to be present except 8SKr which emits a 
0.51 MeV gamma with only 0.41% abundance. Since i t  was not 
practical to try to calibrate the system for all gamma emitters that 
could pos$ihly be present, a system for rapidly taking a special gas 
sample in an evacuated flask was devised (Figure 7). The intent 
~vas to use this sample to determine by gamma spectrometry what 
gamma emitters were present and the concentration of each. 

F. Laboratcry Instruments 

1. Pulse Heiqht Analyzer. The primary system for gamma spectros- 
copy and documentation was the Nuclear Data Series 2200 Sys- 
tem Analyzer. This completely modular multichannel analyzer 
consists of an Analog to Digital Converter,, Master Control, Read- 
In/Out Display and System Memory. This system nad a 1024 
channel memory. The printout was calibrated to display 10 
KeVjchannel. The detector for this system was the Canberra 802-4 
scintillation detector which has a 3" x 3" Nal (TI) crystal, photo- 
multiplier tube, radiation entrance window of 0.019" aluminum, 
and focus control. 

2. Automatic Tri-Carb Liquid Scintillation Spectromnr. The pri- 
mary system for tritium analysis was ;he Packard Model 231 1 Tri- 
Carb which consists of three completely independent simultaneous 
channels. One channel was calibrated to tritium standards. The 
second channel was set to record energies of betas above tritium. 
A Carbon-14 source was used to calibrate this channel. A third 
channel was used as a standardization channel used to test for op- 
tical or chemical quenching. 

3. Gross Alpha and Beta Counters. A number of samples required 
- - ---__ gross alpha and beta analysis. The instruments to perform the ---__ analysis were two Eberline Model AC-4, Large Area Flat Plate Gas 

Proportional Chambers. The alpha detector was readout on a 
Ludlum Model 22 Seler. The efficiency of the alpha detector was 
0.24 of 4n geometry using a l19Pu calibration source. The beta d e  
tector was cabled to a si~igle channel analyzer which was readout 
on a Canberra Scaler. The efficiency of the beta detector was 0.27 
of 4n geometry using a 90Sr calibration source. 

4. Gross Gamma Counter. The detector used on this system was es- 
sentially the same as that described for the PHA, i.e., 3" x 3" N.31 
(TI). The detector was connected to a Packard Spectrometer Mod- 
el 410A containing a high voltage power supply, scaler and time 
configured for gross gamma analysis. 



FIGURE 6 PARTICULATE F ILTER HOUSING ON GAS FLARE LlNE 

FIGURE 7 GRAB SAMPLE FLASK ON GAS FLARE L lNE 



G. Access Control 

1. Therrn~luminescent Dosimetry (TLD). All on-site personnel and 
visitors who entered the controlled area around the drill rig were 
issued TLD badges. The badges were designed to measure skin 
dose (i.e., beta from "Kr) and whole body dose from penetrating 
radiation (i.e., gamma). Each badge contained tws U F  dosimeters 
1/8" x 118" x 0.035" thick. The dosimeters store the energy ab- 
sorbed from ionizing radiation in traps,until the badge was returned 
for reaoing. Each dosimeter was read with an Ebcrline Model TLR-5 
Thermoluminescent Reader which measured the light released as the 
dosimeter was heated from 150°C to 260°C. Light stored in traps 
lower than 150°C was rejected. Since the higher temperature traps 
are very stable, fading of the stored signal was less than 4 per cent 
in six months. The lower reporting limit using this technique was 
0.01 REM For month with a monthly badge exchange. 

During the Rulison Operation, 977 TLD badges were issued and 
read. No detectable radiation over established background was 
recorded. 

2. Ansella Alarm Console. The Analog Selectable Low Level Alarm 
was connected to a l l  systems which required monitoring for health 
and safety purposes. The Console was designed to receive and 
monitor up to eighteen separate channels of information. Each . 
channel had two variable level settings. Panel lights of white, red 
and green indicate whether or not an instrument system was op- 
erating normally or was malfunctioning. A system which failed 
would not only indicate a red trouble light, but would trigger an 
audible "Sonalert" located in the chassis. 

This system was monitored by Access Control Personnel on a 24- 
hour basis. 

3. Portable Instruments. A variety of portable radiation detection 
instruments and gas detection devices were maintained in the kc- 
cess Control by on-duty personnel. Instruments maintained in the 
inventory were: 

Eberline Model E-400 (Beta-Gamma) 

Eberline ~ o d e l  PAC-IS (Alpha) 

Eberline Model PRM-5 (Gamma) 

Radector Model 2035 (Gamma) 

Eberline PIC-6 (Gamma) 

MSA & J W Sniffer (Gas Detector) 

Some of the instruments are shown in Figure 8. 





vice, samples of  soil and vegetarian were collected around the 
site as shown in Figure 9 Another set of samples was collected 
prior to the start of reentry drilling. Sets of samples were ccl- 
lected thereafter at thirty-day intervals durirlg that phase of the 
operation. All samples were analyzed for gamma emitters by 
gamma spectrometry. Representative samples were analyzed for 
tritium. For this latter purpose, water was distilled out of each 
sample for analysis. 

5. Reentry Drilling Samples. The primary systems for radiation 
detect1011 2nd effluent monitoring have been discussed in the 
foregoing paragraphs. In addition, it was essential to establisn 
procedures and guidelines for the control and disposal of solid 
and liquid waste generated during reentry drilling. This materi- 
al was generated from two sources: 

1)  %paration of the drilling chips from the recirculating 
drilling mud stream at the shaker table; 

2) Water accumulated in the holding tanks from a vari- 
ety of sources, but primarily from rig wash down. 

I n  the interest of consolidating information, Figure 10 outlines 
the total sampling program which was conducted on-site by EIC 
personnel during reentry drilling. 

2.4 Decontamination and Rig Clearance 

No decontarnrnatron fbcrlrtres or equipment had been author~zed !or 
thrs operation. It was necessary to hast!ly prepare a make-shr ft arrangement 
that was not corrpletely satrsfactory (F~gures 11 and 12). The prevlous rnstal- 
latron ol a metal drrp pan under rhe rlg drd asslst cons~derably rn controllrng 
contarn~nated water. 

Verbal guidance received for acceptable levels to which decontamiriation 
was to be Ferformed was that items swipe trsted for tritium should be deter- 
mined to be less than 1000 DPMI100 cm', and that they be "co;rnetrcally 
clean". 

The rig and equipment was decontaminated and removed from the site 
in accordance with this guidance. 





- - -  

RE-EHTRY DRILLING SAMPLES 

Analyzed Radio Nuclide Frequency System used Frequency of 

- Type Sample f o r  of In te res t  Collection of Analysis f o r  Analysis 

!!A 
.Air-Filter ( 4 )  Alpha ,Beta,Camma l /s l l i  f t  1 ,5 ,10 days P r o p . ~ t r / G r o s s  Alpha 

Air-Charcoal Cart  (4) Camns 1311 l / s ) t i f  t - Cross Camma 

Air-Freeze Trap Beta l / sh : f t  - 
31, Liq. Sc in t .  

Drill Hod Stream Betd, Gamma 311v 137C Every 2 hours - Liq. S ~ i n t .  

Rig Uasl, Water Beta, Gama 3,,. 137C Before Dump Tanks - Liq. Scint .  

D r i l l  Cl~ipe Gamma When Gucket F u l l  - 
37cs 

Gamma Spcc. 

Organic D i s t i l l a t e  Beta 3t ls  14, When Rcquired - Liq. Scint .  

Air Vent Line ' - 
Part .  F i l t e r  Beta, Gamma gosrv 137Cs I l s l ~ i f t  1 , 5 , i 0  days Prop.Ctr/Cross Alylla 

Part .  Charcoal Cart. Gamma 1311 l l s l i i f t  - Cross Caouna 

Cas Flare  Line 
Par t  F i l t e r  Beta, Camma 9 0 ~ r ,  1 3 7 ~ s  l / s l r i f t  - Prop .Ctr/Cross C a m l a  

Part.Charcoa1 Cart. Gamma 131 l l s h i f t  - Cross Gamma 
I 

Freeze Trap Beta l l s h i  f t - Liq. Sc in t .  3~ I 

Cnvlronmental 
Veg . Beta, Camma %, 13'cs Montllly 

- G a m a  Spec/Liq.Scir.t.  

Sol 1 Beta. Camma 31i, 137cs Montllly - Cams Spec/Liq.Scint. 

BioAssay 
Crine Beta 3tl As Required* 

- Llq. Sc ln t .  

*Primarily for d r i l l  r i g  personnel on a rno~lthly Imsis.  

FIGURE 10 
N 
d 



FIGURE 1 1  MAKE.SHIFT DECON AREA FOR SMALL EQUIPMENT 

FIGURE 12 MAKE-SHIFT DECON A R E A  FOR LARGE EQUIPMENT 



SECTION Ill 

FLAR:h!C 

3.1 General 

There were four separate flsring phases during the course o f  the Rulison 
Operation: 

Phase I Calibration Flaring (7-24 October 1970) 

Phase II. ' High-Rate Flaring (October 26 - November 3, 1970) 

Phase l l I. Intermediate Rate Flaring (1-20 December 1970) 

Phase IV. Long-Term Flaring (February 2 - April 23, 1971) 

During th is  period a total of 452.5 P,12CF (rnl l l~on standard cubic feet) of gas 
was flared from the Rul~son hel l .  AEC delegated the ~espons ib i l ~ t y  to the Los 
Alamos -Sc~ent i f ic  Laboratory (LASL) through EIC monitoring not only to insure 
the radiation protection of personnel operat~ng on the site, but to document the 
on-site release of radioactive effluent. To accompiish this latter task, the 
instrumentation discussed In Sectiorr I1 was reconfigured as shown in  Figure 13 
to operat  on primarily on the Gas Flow L~ne. 

3.2 Instrumentation 

Funct ion o f  the primary g;s f!are line monitoring systems, Figure 13, is 
discussed below. 

A. S T A L L K A T .  The high tcmperat.ure and the moisture content o f  
the gas required that a heat exchanger and a series of bulk water 
traps be installed in  front of the detector system. The separa- 
t i on  process r ~ h i c h  occurred enabled the collected rain water and 
hydrocarbon components o f  the gas stream to be ana1,yzed for 'Y 
and "Kr as well as :he dry gas. The liquid samples were analyzed 
b y  l iquid scintillation counting. Toward the end of the long term 
flaring program, the sensitivity of the tr i t ium detector was such 
that  the very low levels of  t r i t ium in  the gas could not  be mea- 
sured w i t h  any, degree of conf,idence. This measurement was con- 
t inued.by using the Packard Oxidizer System discussed in the fol-  
lowing paragraph. The STALLKAT freeze trap sample was taken 
and  analvzed as previously described. 

6. Packard Oxidizer. The oxidizer was modified by EIC engineers t o  
.continuously burn a small quantity of gas. A one hour sample o f  
the  water condensed by the combustion process was taken o n  each 
8-hour shift. P composite sample was then analyzed i n  the Packard 
Tri-Carb L iqu id  Scintillation Counter thereby providing an integrated 
34-hour sample reading. 

C. K ryp ton  Chamber. This system remained on th llare line as a 
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back-up for the STALLKAT in the detectiori of radiation from 
OSKr in the gas. 

D. Particulate Samples. The particulate sampling system was the 
same as previously used. However, during high-rate flaring the 
filters became ineffective because large quan~ities of water en- 
trained in the gas stream saturated the filters and blocked the 
gas flow. As an interim measure, the bulk water trapped from 
the same line was filtered and analyzed for particulate. The fil- 
ter system did prove adequate during subsequent flaring phases. 

A t  the beginning of intermediate flaring, gamma spectrometry 
of the charcoal cartridges revealed the presence of '03Hg, a neu- 
tron activation product. The activated charcoal cartridges did 
not provide for a complete entrapment of '''Kg and were re- 
placed with special "CK" charcoal cartridges designed with an 
enhanced affinity for mercury. With the new cartridges it was 
possible to  provide a more accurate estimate of total '03Hg. 
released. 

3.3 Contaminated Liquid Waste Management 

A total of  824,627 gallons of radioactive liquid waste was disposed 
of during the flaring phases. Most of the liquid waste consisted of con- 
taminated water and some liquid hydrocarbons processed out of the gas 
stream by a phase rcparator. The water and hydrocarbon condensate 
left the separator in two different liquid fractions. This was a gas drying 
process common to  natural gas production operations. The water was 
stored in 9,000-gallon steel tanks the liquid hydrocarbons in 1,000 
gallon steel tanks. When a tank was full, it was isolated from ;he system 
and a representative sample of the liquid was gamma scanned and was 
analyzed for trit ium by liqcid scintillatiofi counting. The quantity of liq- 
uid in  the isolated tank was then identified with the resulting tritium con- 
centration. The water *as disposed of by steaming and/or direct spray 
injection into the flare where it was vaporized (Figure 14). The liquid hy- 
drocarbons were disposed of by direct injection into the flare. 

This system of disposal was adequate at high gas flow rates (the flare 
provided adequate heat for vaporization). Toward the end of long term 
flaring when the gas flow rate was 1-3 M2CF/D, careful surveillance had to 
be maintained to ensure that the liquidwas being dissipated in the flame 
and not precipitated ,dn the ground. Adverse weather conditions at times 
prevented injecting or steaming of  the liquid waste. The concentrations of 
trit ium in the water was normally in the range 3 - 5 x 10' pCi/ml. The 
concentration of trit ium in the liquid hydrocarbon condensate was normally 
in the range 3 - 8 x 10' pCi/ml. 

3.4 Open File System 

In  accordance with a United States District Court decision of March 16, 
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1970, EIC was directed to report data developed from on-site radiological 
monitoring programs to an Open File Sbstem. The reporting of this data 
was initially made to the Operations Director at the site and to the Nevada 
Operations Office of the AEC. The procedures followed were those con- 
tained in Appendix A of the Court decision as follows: 

APPENDIX A 

PROCEDURES FOR PUBLIC DISSEMINATION OF 
PROJECT RULlSON RAW MONITORING 

AND RELATED DATA 

In order that the public and the scientific and industrial 
communities might be kept informed on joint Industry-Govern- 
ment Plowshare projects, the Open-F ile System was established 
on October 23, 1968. Open Files were established in Dem~er, 
Colorado; Las Vegas, Nevada; and Bartlesville, Oklahoma. Open- 
Flk data on the first joint industry-~overnment Plowshare pro- 
ject, Project Gasbuggy, included preliminary unevaluated data 
and data analyses. Final reoorts, published and disseminated 
through AEC and technical-journal channels, aro also displayed 
at the Open Files. 

Set forth below i s  a description of the raw monitoring and 
related data for the well reentry and testing phase of Projec: 
Rulison which are planned to be placed in the Open Files, and 
the procedures relating thereto. In addition to the data d e  
scribed below, the Project Rulison final reports, containing eval- 
uations of the subject data and other project.'inforrnation will 
also be displayed a t  the Open Files after their publication. 
These reports entail extensive analysis and interpretation of pro- 
ject data which, in turn, dictates the time required for their pre 
paration and publication. 

-The data described below and the final project reports will, 
in addition to Open-File placement, be provided to the Colorado 
State Public Health Department when they first become available. 



ON-SITE RADIOLOGICAL SAFETY DATA* 

All of the following data and samples will be collected by the Eberline 
Instrument Corporation (EIC) at the Rulison site on a daily basis. Direct data 
from sarnples will be derived by EIC at their Rulison site facilities. The subject 
data then will be mailed to the Open Files through the Nevada Operations Office. 
It i s  expected that these data will reach the Open Files about one week following 
collection. The extent of the sampling effort will be contingent upon the rate of 
f!aring, relevent meteorological conditions, and the results of previous sampling 
and monitoring. 

1. STA LLKAT Data. These digital data, along with 6;;plicable conversion 
factors and measured gas flow rates, will permit calculation of Tritium 
and Krypton quantities flowirg out of the flare stack. 

2. Particulate Samples from Gas Stream. Derived data from these samples 
will permit indentification of any particulate radionuclides 

3. Gross Gamma Radioactivity in Flare Stack. Continuous recordings allow 
detection of gamma emitting nuclides in the gas stream. 

4. Water and Hydrocarbon Condensate Sampling. Sampling of water arid 
other condensates from the gas stream separator wi!l provide data on 
totai radioactivity content prior to injection into the flare. 

5. Special Gas Samples from Flare Stack Data from these samples will per- 
mit identification of gamma emitting nuclides whenever the gross gamma 
detector indicates their presence. 

6. Air Samples. The purpose of these daily samples i s  to permit detection 
ofalpha,_beta_and gross gamma radiation-in the-air of- the work area,- . -- - -- - -- - - 

Filters will be recounted five and twelve days after collection of samples 
to allow for decay of naturally occurring radionuclides. 

7. Thermoluminescent Dosimetrv (TLD). Data from .TLD0s will show 30- 
day cumulative exposure of on-site personnel to beta and gamma radia- 
tion. 

8. Vegetation arid Soil Samples. This data will allow detection of radio- 
nuclides deposited in the soil and taken up by vegetation after 30 days 
accumulation. 

The development and processing of this information initially required an 
engineerlanalyst and an operator for the Digital PDP-8 Computer (Figures 15 and 
16). At the peak of the reentry operations on a typical day (5/29/70), t!ie Open 

*'As used herein, the term "on-site" refers to an area within a radius of approxi- 
mately 1000 feet of the well. 



FIGURE 15 COMPUTER FOR OPEN FILE PREPARATION 

FIGURE 16 TELETYPE 81 TAPE INPUT FOR PDP-8 COMPUTE3 



File Report consisted o f  twentv. two pages of analyzed data requir ing approxi-  
mately 160 lines o f  calculated information. A t  the end o f  long.term flaring, 
analysis o f  the data had been streamlined t o  a part.time task for  one indiv idual  
The preparation o f  a typical  report (4123171 1. whi le st i l l  meeting the court 's 
requirements, was reduced t o  a desk calculator operation producing 13 pages of 
analyzed data' requir ing 2 1  calculated entr ies 



SECTION IV 

PLACEMENT OF SITE IN STANDBY STATUS 

4.1 General 

On April 23, 1971, the long-term production flaring operations at 
Ruliscn were terminated. At that time it became necessary to place the 
site in a standby status. The following guidbnce regarding the control 
and handling o! site radiological problems was received from the USAEC. 

A. Any contamination areas, both inside and outside the proposed 
fence, were to be cleaned up so as not to exceed a radioactivity 
contamination level of 30,000 pCi/gm for tritium in soil, .or low- 
er if practical. 

0. All contaminated material or equipment planned to be removed 
from the site should be dmontaminated to meet the criteria of 
1000 DPMIlW cma for beta and gamma emitters, removable 
from the surface by approved swipe techniques 

C. Accessible surfaces of a l l  contaminated equipment on-site should 
be decontaminated to as close as practicable to the criteria for 
removal from site. 

D. For liquids in the mud pits, the appropriat criteria was as nat- 
ed in AEC .Manual 0524 Appendix, Section II, and Annex A, 
Table 11. Diqxsal methods should also be predicated on the 
other factors such as acidity, oil content and quantity. 

E. The solids in the mud pit and contaminated solid materials such 
as soil in barrels should be analyzed and, if the tritium concen- 
tration is.les than 30,000 pCiIgm, they may be disposed of with- 
out funher controls. 

F. Low level contaminated flammable material may be disposed of 
by incineration at the site provided the additional radioactivity 
plus the radioactivity from the flare gas will not produce a total 
dose in excess of the criteria described in AEC Manual Chapter 
0524, Section I I, Annex A. 

G. Site area should be fenced in such a manner as to preclude any 
inadvertent access to remaining equipment and materials. If a l l  
the above criteria are met in preparing the site to be placed in 
a standby status, tt,ere will k no requirements for radiation 
warning signs on the proposed fence. 

4.2 To prepare the site for standby status in compliance with the above guid- 
ance, the following action was taken by EIC personnel. 



A. Swipes were taken of a l l  items of equipment on.site. These 
swipes were the basis for the decontaminat~on program. All 
equipment to be removed from the slte was steamed off even 
though they were belov~ the radiological criteria for removal. 
Those few items which could not be decontaminated were la, 
beled with appropriate contamination stickers and stored in a 
locked building set aside exclusively for contaminated items. 
An inventory of these items is  maintained by the USAECINVOO, 
Austral Oi l  Company and EIC. 

B. During the course of operations at the Ruiison Site, a continue 
ing radiation clean-up program had been in effect. All con. 
taminated soil resulting from leaks or spills had been picked 
up, insofar as was possible, and placed in ninety-three 55 gal- 
lon drums. The contents for each barrel were analyzed for 
tritium and particulate radiation. Seven (7) drums were con- 
sidered to contain radioactive debris which should be controlled. 
These drums were sealed and labeled with appropriate informa- 
tion and placed in the building set aside for this purpose. The 
material ir, the other 86 drums contained insignificant levels of 
radiation and were dumped into the vinyl-lined pit on the RElX 
pad. This pit was later covered with approximately three feet 
of dirt. All empty barrels were steam-cleaned. 

C. k small quantity of low level tritium 'contaminated water 
(20 pCi/ml) was in the above-mentioned vinyl-lined pit. The 
contents of the pit were below criteria established in paragraph 
3.1 above. 

0.  The liquid in the holding water tanks in the tank farm area 
were steamed to the lowest possrble level: The remaining con- - --  - 
tents were sampled-and-deterr~ned- to be above acceptable-lim: _ _ - - - - 
its ior dumping. Since these tanks would be used in any future 
flaring program, EIC was advised t~ secure the tanks in a man- 
ner to prevent any inadvertem release of the material. Hoods, 
locks and seals were placed on tank valves. The observation 

-ports on top were locked. 

E. The ground in the immediate vicinity of the ftare stack had been 
contaminated with tritium as a result of the production teR flar- 
ing. This areo was gridded out to 1000 feet to locate sampling 
points. Soil smples wete taken from the surface at each loca- 
tion. Certain iocations were .sampled a t  other depths to obtain 
additional information. All samples collected were analyzed for 
tritium in soil moisture and in soil by weight. Figures 17 and 
18 show the sampling locations referenced to the flare.stack, give 
the sampling depth(s1 in inches at each location, and state the 
tritium concentrations in pCi/ml of soil moisture and in pCi/g of 
soil. A total of 133 samples were taken from 70 sampling points. 
Concentrations ranged from 6 pCi/nil to 7400 pCi/ml in soil mois- 



ture, and f rom 1 pCi/g t o  1600 pCi/g in soil b y  weight. Con- 
centrations decreased as disliince f r o m  the stack increased, and 
they seemed to  be generally higher in a no r th  ai:rtction f rom 
the stack. 

F. As a f inal e f fo r t  t o  leave the  site as clean as possible. over l W  
plastic bags o f  trash and l o w  level contaminated flammable ma- 
terial were disposed o f  b y  using a gas f i red incinerator, local ly 
constructed. 

G. A l l  external s r f aces  o f  pipes, tanks, separator, wellhead christ- 
mas tree and bui ld ing remaining on-site were steam cleaned. 

4.3 A t  1645 hours o n  12 May 1971, E IC  terminated coverage at the Rulison 
5; 1e. 



' SECTION V 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusions 

A. Extreme di f f icul ty was experienced w i th  wate; separation in the gas 
flare line. The resulting accumulation of water caused freezing o f  the 
sampling systems during periods of high gas f low and/or Icw ambient 
temperature. 

8. Much effort was expended in  attempting t o  comply wi th  changing ra- 
diation control criteria relating t o  the decontamination of material, 
ground.contamination and low level waste disposal. These criteria 
were related to  satisfying the rnore stfingent guidance relating t o  en- 
vironmental considerations than to  satisfying established health 3nd 
safety criteria for on-site workers. 

C. An extensive radiological sampling and analysis program was con- 
ducted and documentation made of a variety of situations. many of 
which contr~buted littl: to raciiological health and safety evaluations. 
I t  was not u n t ~ l  the period of long-term production flaring occurred 
that a program, commensurate w ~ t h  the evaluated prohlems, was 
initiated. 

0. The radioactivity contaminated water kandling and disposal system 
was improperly designed and inadequately controlled t o  meet the 
varying conditions encountered during production tening. 

E. The use of dos~metry dev~ces on personnel was appoprtate for re- 
-- - -- -- en;ry drtlltng, but IS constdered unnecessary after the reentry d r ~ l l ~ n g  

has been completed and the rad~ologtcal problems-have-been-evalu- 
ated as be~ng  negl~gible. 

F. Industrial safety during reentry drilling was inadequately programmed 
and supervised, res~~ l t ing  in  numerous minor injuries t o  EIC personnel. 
More serious injuries could easily have resulted f rom industrial safety 
hazards which prevailed on and around the drilling rig. 

5.2 Recommendations 

A. That future projects of this nature have separate gas dryiny and tam- 
piing systems that are independent of  the conventional qas processing 
systems. 

B. That an analysis be made of radi'ation protection criteria required for the 
health and safety of on-site workers vis-a-vis the radiation which is per- 
rcissib1\ for release to the environment and that controlling radiation cri- 
teria be established which w i l l  provide adequate guidance for the 



timely tlevelopment of instrumentation and techniques to meet anti. 
cipated problems (i.e., decontamination of materia!, IGW level waste 
disposal and allowable ground contamination). 

C. That an evaluation be made o f  each Plowshare Project to determine 
the protable hazards which require ful l  instrumentation. and evalua. 
t ion and those improbable occurrences which should.be instrumerited 
wi th  alarms only unt i l  they develop. 

D. That radiat~on safety personnel be included in  the plann~nq and en- 
gineering of any future contaminated water handling and d~sposal 
system. That the handl i ly and dispbsal of contaminated water be 
totally under the control of the organizat~on hav~ng the r a d ~ o l g ~ c a l  
protectlm respons~b~l i ty .  

E. That dosimetry devices (TLD's) be used for a l l  personnel w i t h ~ n  the 
controlled area during reentry drilling, but be discont lnued after the 
radiological problems have been evaluated and determined to be negligible. 

F. That future Plowshare Projects have a more adequately defined and 
implemen:?d industrial safety program. 
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